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SUMMARY 
The leaf samples of two varieties, twenty breeding populations, and seven local 
populations of the Croatian red clover were collected in the full flowering stage, 
with an aim to evaluate their phenolic content and antioxidant activity by using the 
spectrophotometric methods. A significant variation among the varieties/popula-
tions in the content of total phenolics and flavonoids was determined. The results 
demonstrated that the red clover is a rich source of phenolics and flavonoids, 
ranging from 38.67 to 59.96 mg GAE/g of DM and 21.19 to 51.48 mg CE/g of DM, 
respectively. The high levels in both phenolics and flavonoids were found in breed-
ing populations/variety CD-8, Rc-11/7, Rc-11/8, Rc-11/15 and OS Osiris. The leaf 
extracts manifested a strong antioxidant activity towards diphenyl-1-picrylhydrazyl 
(DPPH), with a variation from 31.50 to 63.14%. A significant correlation was found 
between the antioxidant activity of the extracts and their total phenolic and flavo-
noid content (r = 0.737 and 0.839, respectively). Considering the obtained results, 
the crude extracts of red clover manifested a significant antioxidant potential and 
can be used as a natural source of biologically active components in the human 
and animal nutrition. 
Keywords: red clover (Trifolium pratense), total phenolics, total flavonoids, antioxi-
dant activity, DPPH
INTRODUCTION 
Red clover (Trifolium pratense L.) is a short-lived 
perennial flowering herbaceous plant from the Fabaceae 
family, widely used fresh, dried, or conserved in the 
animal diet because of its richness in proteins, vitamins, 
and minerals (Phelan et al., 2015; Petrović et al., 2016). 
The red clover’s importance in the agricultural production 
and its positive effects on the environmental conserva-
tion are well known (Vasilev et al., 2005), as well as its 
role in the plants’ defense against the biotic and abiotic 
stresses (Saviranta et al., 2010). The natural populations 
of the Trifolium genus are a rich source of secondary 
metabolites, which find an application in the traditional 
and clinical medicine as well as in pharmacy. Because 
of a strong biological activity of secondary metabolites, 
these components significantly improve the quality of 
both human and animal diet (Bustamante-Rangel et al., 
2018; Kumar et al., 2018). The phenolic compounds are 
a large class of plants’ secondary metabolites, demon-
strating a diversity of chemical structures. 
The plant phenolics include the phenolic acids, 
flavonoids, tannins, and the less common stilbenes and 
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lignans (Dai and Mumper, 2010). Various epidemio-
logical studies have confirmed the anti-inflammatory, 
estrogenic, antimicrobial, antiallergenic and antitumor 
properties of the phenolic compounds in the Trifolium 
genus (Khorasani Esmaeili et al., 2015; Petrović et al., 
2016). Isoflavones, the major phenolics present in the 
red clover, are categorized as phytoestrogens. Due to 
their structural similarity to β-estradiol, isoflavones may 
have a role in cancer prevention and the moderation of 
menopausal symptoms (Lipovac et al., 2012; Kowalska 
et al., 2013; Shakeri et al., 2015). The main isofla-
vones in the red clover leaves are formononetin and 
biochanin A, while daidzein and genistein, as well as 
their glycosidic conjugates and some other aglycones, 
are also present, but are findable in the minor quanti-
ties (Tsao et al., 2006; Tucak et al., 2018). Biological 
and health effects of isoflavones in animals can be both 
the positive and the negative ones. The animal red clo-
ver feed with a high daidzein and formononetin content 
promote the sheep and lambs growth (Mustonen at al., 
2018), while an animal feed rich in isoflavones, especial-
ly in formononetin, can disrupt the reproductive cycle in 
sheep and cows and cause their infertility (Little et al., 
2017; Mustonen et al., 2018). Although the red clover is 
mostly commercially used as a dietary supplement due 
to its estrogenic effect, its antioxidant properties have 
also been proven due to other phenolics, such as the 
flavonoids (quercetin, hyperoside, kaempferol, luteolin 
and myricetin), polyphenolic amides (clovamides) and 
phenolic acids (protocatechuic p-hydroxybenzoic, caf-
feic, p-coumaric, ferulic and salicylic) and their derivate 
(phaselic acid) (Tsao et al., 2006; Petrović et al., 2016; 
Tava et al., 2019). Since the phenolics are able to scav-
enge the free radicals and neutralize the reactive oxygen 
species (ROS) through the hydrogen atoms or electron 
donation or/and chelate metal cations, they possess 
a strong antioxidant potential useful for the plants 
and human body (Antonescu et al., 2019). It is widely 
accepted that the plant leaves have a higher amount of 
phenolic compounds than the flowers due to the abun-
dance of pathway precursors in the leaves because of 
photosynthesis (Saboonchian et al., 2014). The pres-
ence of phenolic compounds and their distribution in the 
red clover vary, based on plant origin (a genetic factor), 
cultivation influences (soil type, fertilization), weather 
conditions, plant parts, growing stages, geographical 
location, time and harvesting season (Papadopoulos et 
al., 2006; Tsao et al., 2006; Du et al., 2012).
Our current work was aimed to evaluate the con-
tent of phenolics in the red clover germplasm collection 
in order to identify the most favorable materials as a 
potential source of phenolics, which will be used in our 
future breeding processes for the improvement of the 
new varieties’ nutritional quality. The study presents 
the data pertaining to the total phenolic and flavonoid 




The field experiment was carried out in Osijek at a 
lowland location in the eastern part of Croatia (altitude 
90 m, lat. 45o32’N, long. 18o44’E). The site soil was 
a eutric cambisol clay loam texture with a neutral pH 
reaction. During the red clover growing season (March 
– October), the long-term (1971–2000) average air tem-
peratures amounted to 15.4°C, while the total amount 
of monthly precipitation amounted to 467.8 mm. During 
this research’s experimental phase (March – October 
2014), the average air temperature and a sum of precipi-
tations amounted to 16.5°C and 650.6 mm, respectively, 
which indicates that the weather conditions during the 
2014 red clover growing season were much more humid 
and moderately warm. The detailed weather conditions 
during this research’s implementation are described 
earlier in the paper by Tucak et al. (2019).
Crop establishment and experimental design
Twenty-nine diploid red clover varieties/popula-
tions (two varieties, twenty breeding populations, seven 
local populations) were created within the framework 
of the forage crops breeding program at the Agricultural 
Institute Osijek and evaluated in this paper (Table 1). 
The experiment was sown on 21 March 2014 using 
a randomized complete block (RCB) design with four 
replications. The plots sizes amounted to 1.4 m x 6 m 
and consisted of the 6-meter drill rows with a 0.2 m row 
spacing. The seeding rate was 18 kg/ha for the OS Viva, 
which was used as a base for the adjustment of all other 
varieties/populations according to their seed size and 
germination percentage. The herbicides and fertilizers 
were not applied in the trials.
Sample preparation 
In the second red clover cut (in the second half 
of July 2014) in a full flowering stage, the average 
leaf samples (including healthy, young, fully developed 
leaves) from two replications of all varieties/populations 
were randomly collected from the plants in the middle 
of each plot. The collected leaf samples were stored in 
a refrigerator (-80°C), lyophilized, and grounded by an 
oscillating mill into a fine powder prior to the extraction 
procedure. 
Extraction of phenolic compounds 
The extraction of phenolics in the red clover was 
performed using 25 mg of a lyophilized plant tissue by 5 
ml of methanol in a 15 ml plastic cuvette. The mixture 
was homogenized by vortexing it for 2 mins., placed 
in a Sonorex Digitec ultrasonic bath (Model RK510H, 
Bandelin, Germany) at room temperature, and soni-
cated for 60 mins. The mixture was then centrifuged at 
9000 rpm for 5 mins. at 4°C (Universal 320RHettich, 
Germany). Subsequent to the centrifugation, the super-
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natant was removed, and the extraction procedure of 
the residues was repeated with additional 5 ml of meth-
anol during 30 mins. of sonification. After centrifuga-
tion, the supernatants were pooled and used for further 
analyses. All extractions were performed in duplicate, 
and two aliquots of each extraction were used for the 
determination of bioactive compounds. 
Determination of total phenolic content 
The total phenolic content in the red clover extracts 
was determined by the Folin-Ciocalteu reagent, using 
the method described by Singleton and Rossi (1965) 
with some modifications. The reaction mixture con-
sisted of 0.1 ml of the sample aliquot, 0.1 ml of Folin-
Ciocalteu’s phenol reagent (1:1), and 1.5 ml of the dis-
tilled water. It was well-vortexed, and after leaving it for 
5 mins., the 0.3 ml of 20% Na2CO3 solution was added. 
Then mixture was thoroughly shaken and left for incuba-
tion for 30 mins. at room temperature in the dark place. 
The total phenolics were quantitated by a conventional 
spectrophotometric method at 765 nm (Specord 200, 
Analytic Jena, Germany). The results were expressed 
as the milligrams of gallic acid equivalents per a gram of 
dry matter (mg GAE/g of DM), using a calibration curve 
constructed with the gallic acid (25–500 µg/ml). 
Determination of total flavonoid content 
The red clover’s total flavonoid content was 
assayed using the modified aluminum chloride (AlCl3) 
colorimetric method (Xu and Chang, 2007). A one-ml 
aliquot of the red clover extract was mixed with the 
4 ml of water and 0.3 mL of NaNO2 solution (5%; w/v 
diluted with water). After 5 mins., 0.3 mL of AlCl3 (10%; 
w/v diluted with water) were added and let to stand 
for 6 mins. prior to mixing them with 2 ml of 1M NaOH 
and 2.4 mL of water. The absorbance was determined 
at 510 nm against a reaction blank by MeOH instead of 
the sample. A total flavonoid content in the red clover 
extracts was expressed as the milligrams of catechin-
hydrate equivalent (mg CE/g of DM), based on the cat-
echin hydrate calibration curve (0.01–0.4 mg/ml). 
Antioxidant activity assay
Antioxidant activity was determined using the free 
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. The 
antioxidant activity was measured using a modified 
version of the method explained by Brand-Williams et 
al. (1995). This involved the use of a DPPH free radical 
solution in the methanol. The sample extract aliquot (0.2 
ml) was reacted with 1 ml of a 0.5 mmol/l DPPH metha-
nolic solution and 2 ml of MeOH. The reaction mixture 
was shaken and incubated in the dark together with a 
control, consisted of 2.2 mL of MeOH and 1 ml of DPPH 
solution. The absorbance (A) of the reaction mixtures 
and control mixture were measured against a MeOH 
blank at 517 nm after 30 mins. A lower absorbance of 
the reaction mixture indicates a higher free radical scav-
enging activity. The antioxidant activity was calculated 
as an inhibition of free radical DPPH in a percentage (%), 
using the following equation: 
% of antioxidant activity = (1 – (A of samplet=30/A 
of controlt=0)) x 100
Statistical analysis
The results were subjected to an analysis of vari-
ance (ANOVA), and significant differences between the 
mean values of varieties/populations were compared 
by Fisher’s protected LSD test at the 0.05 and 0.01 
probability level. The statistical tool STATISTICA v8.0 
(StatSoft, Inc., Tulsa, OK, USA) was utilized for the 
ANOVA test and Pearson’s correlation coefficient (r) 
calculation. 
RESULTS AND DISCUSSION 
Red clover is a reach source of phenolic com-
pounds beneficial for human health. The analysis of vari-
ance demonstrated a statistically significant variation 
among the varieties/populations in the content of total 
phenolics and flavonoids. The results were figured as 
a mean value ± standard deviation. The total phenolic 
and flavonoid content were in the range from 38.67 in 
Rc-15/9 to 59.96 mg GAE/g of DM in CD-8 and from 
21.19 in Rc-15/17 to 51.48 mg CE/g of DM in Rc-13/19, 
respectively (Table 1).
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Table 1. Phenolic and flavonoid content in the red clover leaves of a red clover





Total phenolic content 
Ukupni fenoli 
(mg GAE/g of DM / mg/g u ST)
Total flavonoid content 
Ukupni flavonoidi




1 CD-12 LP 51.83 ± 2.79 43.01 ± 2.57 51.69 ± 2.56
2 CD-13 LP 54.92 ± 2.97 48.67 ± 2.26 53.23 ± 3.54
3 PopMp LP 48.87 ± 2.53 49.51 ± 2.05 50.61 ± 0.87
4 Rc-11/7 BP 53.00 ± 1.19 51.46 ± 1.82 56.31 ± 3.34
5 CD-1 BP 46.21 ± 1.32 43.94 ± 2.39 42.50 ± 0.76
6 CD-9 BP 49.66 ± 0.42 49.64 ± 2.82 51.00 ± 1.02
7 Rc-11/8 BP 51.66 ± 0.93 49.80 ± 2.73 53.43 ± 1.43
8 OS Viva V 49.89 ± 0.71 46.80 ± 2.80 49.71 ± 1.77
9 Rc-11/13 BP 52.56 ± 1.8 46.48 ± 1.73 52.00 ± 2.46
10 CD-10 LP 49.50 ± 3.05 48.70 ± 3.35 55.38 ± 0.80
11 Rc-11/15 BP 53.68 ± 2.59 49.75 ± 1.83 63.14 ± 1.87
12 Rc-13/6 BP 50.40 ± 1.19 47.24 ± 1.46 59.67 ± 0.6
13 CD-11 LP 47.13 ± 2.28 44.03 ± 1.96 47.51 ± 2.53
14 Rc-13/19 BP 50.13 ± 1.97 51.48 ± 2.42 52.41 ± 1.21
15 Rc-13/23 BP 46.58 ± 1.49 43.07 ± 1.42 50.56 ± 0.88
16 Rc-13/24 BP 50.73 ± 2.74 48.76 ± 1.48 51.95 ± 1.53
17 Rc-13/25 BP 47.89 ± 3.16 44.56 ± 1.75 48.32 ± 1.50
18 OS Osiris V 51.20 ± 3.24 50.20 ± 3.17 51.13 ± 1.96
19 Rc-13/40 BP 51.10 ± 3.45 48.64 ± 1.39 52.29 ± 3.48
20 Rc-13/51 LP 47.94 ± 0.84 45.65 ± 1.40 48.38 ± 1.47
21 Rc-15/16 BP 45.56 ± 1.17 29.50 ± 1.35 38.25 ± 1.17
22 Rc-15/17 BP 39.00 ± 1.90 21.19 ± 0.55 31.50 ± 0.50
23 Rc-15/9 LP 38.67 ± 1.94 30.11 ± 1.39 36.38 ± 1.01
24 Rc-15/10 BP 43.61 ± 1.85 26.64 ± 1.31 38.48 ± 0.52
25 Rc-15/12 BP 47.72 ± 1.64 24.20 ± 0.94 40.62 ± 1.56
26 Rc-15/21 BP 54.84 ± 1.96 39.40 ± 0.75 50.57 ± 1.78
27 CD-6 BP 49.24 ± 2.04 31.07 ± 0.70 42.85 ± 1.29
28 CD-7 BP 40.92 ± 1.89 34.47 ± 1.63 36.81 ± 1.80
29 CD-8 BP 59.96 ± 1.63 49.68 ± 2.57 53.09 ± 0.85
Average 49.12 ± 4.94 42.68 ± 9.06 48.61 ± 7.43
LSD 0.05 2.97 2.81 2.54
LSD 0.01 3.93 3.72 3.36
*Variety-V, Breeding population – BP, Local population – LP / Sorta – V, Oplemenjivačka populacija – BP, Lokalna populacija – LP 
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The high levels of both the phenolics and flavonoids 
were found in the breeding populations/variety CD-8, 
Rc-11/7, Rc-11/8, Rc-11/15 and OS Osiris. A variation 
between the minimum and the maximum content of 
total phenolics and flavonoids in the red clover collecti-
on was amounted to 35.49% and 58.84%, respectively. 
Our results showed a great variation in total phenolics 
and flavonoids among the tested samples, which indi-
cates an important effect of the genetic factor on their 
accumulation in the plant, which is in accordance with 
the previous researches (Little et al., 2017; Mustonen 
et al., 2018; Tucak et al., 2020). Nurgiin et al. (2013) 
found 52.30 mg/g of total phenolic content in methanol 
extracts of T. pratense var. pratense and 48.60 mg/g in 
the extract of T. pratense var. sativum. Kücükboyaci et 
al. (2013) found 52.30 mg/g of total phenolic content in 
the methanol extracts of T. pratense var. pratense and 
48.60 mg/g in the extract of T. pratense var. sativum. 
Khorasani Esmaeili et al. (2015) reported total phenolics 
in the in vitro grown red clover in the amount of 31.94 
mg GAE/g. Petrović et al. (2016) studied 16 natural 
populations of three species of the genus Trifolium (T. 
repens, T. alpestre and T. pannonicum), collected from 
the central Balkan region, and reported total phenolics 
and flavonoids in the leaf extracts in the range of 29.0–
120.1 mg GAE/g of DM and 31.2–351.6 mg RU/g of 
DM, respectively. Vlaisavljević et al. (2017) investigated 
the influence of growth phases on phenolics and their 
biological activity in one red clover variety and found the 
highest value of total phenolics at a 30-cm plant height 
phase (41.96 mg GAE/g) and the lowest one at 50 cm of 
height (30.99 mg GAE/g). Compared to our results, these 
authors reported the significantly lower total flavonoids 
(3.87-7.32 mg QE/g). Tava et al. (2019) evaluated the 
presence and concentration of phenolic compounds and 
their antioxidant activity in the leaves and flowers of a 
set of Trifolium species originating from the lowland and 
mountain sites and concluded that a lowland germplasm 
showed a higher concentration of total phenolics in the 
leaves than the mountain accessions (50.30 vs. 34.19 
mg/g of DM), followed by a similar trend in flowers 
(114.16 vs. 57.44 mg/g of DM). Analyzing the phytoc-
hemical composition of Trifolium pretense L., Antonescu 
et al. (2019) reported total phenolics in the amount 
of 46.56 mg GAE/100 g of dry extracts and 3.44 mg 
QE/ml of total flavonoids. As we mentioned, the most 
abundant phenolic compounds in a red clover with the 
antioxidant properties are the flavonoids, polyphenolic 
amides (clovamides) and phenolic acids (protocatechuic 
acid, p- hidroxybenzoic, gentisic, caffeic, p-coumaric, 
ferulic, and salicylic) (Tsao et al., 2006). Currently, liquid 
chromatography (HPLC), alone or coupled with mass 
spectrometry (LC–MS), are the widely used techniques 
for individual phenolics identification and quantification. 
These methods are more expensive than an ordinary 
UV-VIS spectrophotometric method, but they are also 
more selective and precise. Tava et al. (2015) found 
15.6 mg/g of clovamides, 13.2 mg/g of total flavonols, 
and 24.5 mg/g of total isoflavones, producing a total 
of 53.3 mg/g in the Trifolium pratense leaves. Tava et 
al. (2019) reported that a lowland germplasm of the 
Trifolium species demonstrated a higher concentration 
of phenolic acids (2.86 mg/g), clovamides (7.62 mg/g), 
isoflavones (24.19 mg/g) and other flavonoids (14.82 
mg/g) in leaves, producing the total phenolics amoun-
ting to 50.30 mg/g, more than mountain accessions, 
having 34.19 mg/g of total phenolics. Antonescu et al. 
(2019) found ferulic and chlorogenic acid and rutin in 
the highest concentrations in a T. pratense extract, 2.38, 
1.59, and 0.86 mg/g, respectively, while other polyphe-
nols, cinnamic, caffeic and syringic acid and catechin 
were detected in the amounts lower than 0.40 mg/g. 
As we mentioned above, the phenolic content in red 
clover may be affected by the genetic factors, growing 
conditions and plant maturity, and plant parts, as well 
as by the sampling and extraction methodology (Tsao et 
al., 2006). The temperature and water regimes are two 
of the most significant abiotic factors influencing pheno-
lics accumulation in the legumes (Sivesind and Seguin, 
2005). Tucak et al. (2019) determined isoflavones in the 
red clover varieties/populations, and their content in the 
leaves averagely amounted to 8.43 mg/g of DM. These 
authors concluded that the weather conditions in 2014 
favored the synthesis of isoflavones as the dominant 
group of red clover phenolics, and consequently it is to 
be expected that the accumulation of other phenolics 
was also favored. A DPPH radical scavenging assay 
is widely used to assay the antiradical activity of plant 
extracts in vitro. A DPPH scavenging activity was 
expressed as a percentage of DPPH discoloration, and a 
higher value means signifies a higher antioxidant poten-
tial. In this research, significant differences (p<0.05) 
between the antioxidant activities among the red clover 
varieties/populations were found (Table 1). The DPPH 
radical scavenging in the tested samples varied from 
the lowest 31.50 to the respectable 63.14%. Breeding 
populations Rc-11/15, CD-10, Rc-11/7, Rc-13/6 and the 
local population CD-10 manifested the most pronounced 
ability to scavenge the DPPH free radicals, in contrast 
to the Rc-15/17, Rc-15/9, CD-7, Rc-15/16 and Rc-15/10, 
which the lowest values (Table 1). Several other studies 
reported a significant antioxidant capacity of Trifolium 
pratense by using the different solvents or an antioxi-
dant test, such as DPPH free radical scavenging test, 
thiobarbituric acid and trolox-equivalent antioxidant 
capacity assays (Tundis et al., 2015; Antonescu et al., 
2019). DPPH radical scavenging activity demonstrated 
a significant (p<0.05) positive correlation with both the 
total phenolic and the flavonoid content (r = 0.737 and 
0.839, respectively) (Figs. 1 and 2). Similar significant 
correlations between a radical scavenging activity and 
the total phenolics were found in the plant extracts from 
various natural sources (Sahreen et al., 2010; Khorasani 
Esmaeili et al., 2015; Antonescu et al., 2019).
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Figure 1. Pearson's correlation coefficients (r) between total phenolic content (TPC) and DPPH 
scavenging activity  
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Figure 2. Pearson's correlation coefficients (r) between total flavonoid content (TFC) and DPPH 
scavenging activity  




The observed levels of phenolics and the antioxidant properties of leaves extract indicate that the red 
clover can be used as a natural source of biologically active components in the human and animal 
nutrition, as well as in the pharmaceutical industry. Several promising populations that could be 
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CO LUSION 
The observed levels of phenolics and the anti-
oxidant properties of leaves extract indicate that the red 
clover can be used as a natural source of biologically 
act ve components in the human and animal nutrit on, 
as well as in the pharmaceutical industry. Several 
promising populations that could be further used for the 
improvement of nutritional quality in our breeding pro-
gram have been identified in the researched collection.
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POLIFENOLI I NJIHOVA ANTIOKSIDACIJSKA  
AKTIVNOST U HRVATSKOJ KOLEKCIJI CRVENE DJETELINE
SAŽETAK
Listovi crvene djeteline uzorkovani su u fazi pune cvatnje s dvije sorte, dvadeset oplemenjivačkih populacija i 
sedam lokalnih populacija crvene djeteline u Hrvatskoj s ciljem određivanja ukupnih fenola i flavonoida i njihove 
antioksidacijske aktivnosti spektrofotometrijskim metodama. Pronađena je statistički značajna varijabilnost 
među sortama/populacijama u ukupnome sadržaju fenola i flavonoida. Rezultati su pokazali da je crvena 
djetelina bogat izvor fenola s rasponom koncentracija od 38,67 do 59,96 mg GAE/g u ST te flavonoida od 21,19 
do 51,48 mg CE/g u ST. Visoka koncentracija fenola i flavonoida izmjerena je u oplemenjivačkim populacijama/
sortama CD-8, Rc-11/7, Rc-11/8, Rc-11/15 i OS Osiris. Biljni ekstrakt dobiven iz lista crvene djeteline imao je 
snažnu antioksidacijsku aktivnost prema difenil-1-pikrilhidrazilu (DPPH) s varijabilnošću od 31,50 do 63,14%, 
koja statistički značajno korelira sa sadržajem ukupnih fenola (r = 0,737) i flavonoida (r = 0,839). Dobiveni 
rezultati pokazuju da sirovi ekstrakti crvene djeteline imaju značajan antioksidacijski potencijal, pa se stoga 
mogu koristiti kao prirodan izvor biološki aktivnih tvari u prehrani ljudi i ishrani životinja.
Ključne riječi: crvena djetelina (Trifolium pratense), ukupni fenoli, ukupni flavonoidi, antioksidativna aktivnost, 
DPPH
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